Attention has been given to plant nutrient content in peats in many Finnish investigations. In connection with his studies on the cultivability of bogs, Kivinen (4) explained the chemical changes in peats arising from their botanical composition and the nutritional relations between bog plants and surface peats. The material comprised surface peats only, whose phosphorus, calcium and nitrogen contents were determined. Kaila (3) has investigated the phosphorus contents of differentkinds of peat at varying depths of peat layer. In connection with research into the cultivability of soil in Finland and agrogeological mapping, Mäkitie (9,10, 11), Purokoski (14), Sillanpää (31) and Vuorinen (35, 36, 37, 38) among others have presented results of analyses and the mean values of the plant nutrients of peat soils. These studies deal mainly with the surface parts of swamps. The elements studied were mostly copper, lead, tin, zinc, cobalt, chrome, manganese, molybdenum, nickel, and vanadium. Further data on boron, gallium and iron contents are also given.
Attention has been given to plant nutrient content in peats in many Finnish investigations. In connection with his studies on the cultivability of bogs, Kivinen (4) explained the chemical changes in peats arising from their botanical composition and the nutritional relations between bog plants and surface peats. The material comprised surface peats only, whose phosphorus, calcium and nitrogen contents were determined. Kaila (3) has investigated the phosphorus contents of differentkinds of peat at varying depths of peat layer. In connection with research into the cultivability of soil in Finland and agrogeological mapping, Mäkitie (9, 10, 11) , Purokoski (14) , Sillanpää (31) and Vuorinen (35, 36, 37, 38) among others have presented results of analyses and the mean values of the plant nutrients of peat soils. These studies deal mainly with the surface parts of swamps. The elements studied were mostly copper, lead, tin, zinc, cobalt, chrome, manganese, molybdenum, nickel, and vanadium. Further data on boron, gallium and iron contents are also given.
In research work carried out by Vahtera (34) on the nutrient content of bogs for afforestation purposes, phosphorus, potassium, calcium, magnesium and nitrogen contents were determined. Sampling did not exceed 0.6 m in depth and the material was treated in three depth classes. Sundgren and Ekman (33) have presented the results of an analysis of the sulphur and phosphorus contents of peats in their investigations associated with the peat industry. The subject of this paper comprises that section of these results which is taken from Aitoneva.
In his research work on peat chemical ore prospecting the author (24, 26, 27, 29) has observed the chemical composition of the entire peat layer mostly by means of sample series taken at densely-spaced sampling points and lines. Altogether some twenty elements were studied. Thereby it was revealed that their content in peats varies within considerable limits and that these variations are causally connected with variations in the underlying bedrock.
Recently Puustjärvi (18, 19, 20, 21) has begun to study the use of peat as a growth bed not only for vegetables but also for flowers in greenhouses, in which peat is used as an addition to supply a varied and abundant amount of plant nutrients. Experimental cultivation has yielded promising results.
Peat to be used as a growth bed is most profitably prepared as milled peat. From the bog surface a layer 1.5-2 cm thick is milled at one time, and depending on the drying weather 10 to 20 crops can be obtained in a summer.
The optimum crop depends mainly on the appropriateness of the fertilizers applied. It is therefore necessary to know the original plant nutrient content of the bog used as the source for the growth bed. As the manufacture of milled peat takes place along the surface and gains depth year by year, possible changes of nutrients, essential for plants, in the entire peat layer must also be known. The purpose of this study is to examine this problem as well as the correlation between geological factors such as soil and bedrock, and plant nutrient contents. Eight bogs were subjected to research. The sketch map ( Fig. 1) shows their location. For purposes of comparison, the results obtained from some other bogs are refered to.
Research material and methods
The initial research material was taken from the southern part of Aitoneva in Kihniö, west of the office and laboratory buildings of Suo Oy, in the autumn of 1961, Fig. 2 . This part of the bog was drained to the bottom many years ago. In places milled peat had been drawn from the area for several years; on average about one metre of peat was missing from the surface at the time when samples were taken by digging with shovels at three places, marked I, 11, and 111 in Fig. 2 . At each place four samples were taken at the following depths: 0, 0.5, 1.0 and 1.5 m. The lowest samples were close to the bottom of the bog. Aitoneva was chosen as a subject for study because a considerable part of the peat used in greenhouses in Finland was and is still manufactured there. The author has carried out different investigations in the area since 1942, and the bog has been used in many ways for research and experimental work associated with the peat industry; it is therefore well surveyed.
The research material was visually determined, after the peat formula of L.v. Post concerning plant material composition and the properties of the peat. The definitions of peat varieties were microscopically checked. These and other investigation results concerning the Aitoneva material are presented in Tables 1   and 2. Besides Aitoneva the author has at his disposal material collected from different research areas on the basis of which comparisons can be made of the variations in the plant nutrient contents of peats in varying geological conditions (Fig. 1) . At many sites the nature of the bedrock could be ascertained by means of diamond drillings. The results of these investigations are shown in Tables 3-B. The pH and ash analyses of the peats were performed at the Peat Laboratory of the Department of Superficial Deposits of the Geological Survey. The pH of the peat was determined with a Beckman N pH meter from the inside of large samples. The material examined was therefore thus unoxidized and naturally moist. For ash determinations the samples were dried by combustion at 105°C and contents are given as a percentage of the dry matter.
The trace elements given in Tables 4 5 were spectrographically analysed at the laboratory   of Valmet Oy in Jyväskylä; those in Tables 1,2 , 5, and 7 at the Chemical Department and the others at the soil laboratory of the Department of Superficial Deposits of the Geological Survey. Iron, manganese, calcium and phosphorus contents were determined colorimetrically from the peat ashes after the method of Bannerjee and Colliss (1) . The sulphur contents were ascertained after König and are given as a proportion of the total dry matter of the peat. In Tables 1,4 , 5, and 7 the trace element values as ppm (millionth parts) of the peat ash are shown in column 1 and as ppm of the dry-matter of peat in column 2. Values can also be read in terms such as mg/kg or g/t of the peat ash or of the dry-matter of peat. In Table 2 manganese is given as ppm, other elements as percentages, as are the oxides in Table 3. Values given as percentages in the first column  of Table 2 20 .58 g/kg in the dry-matter of peat. S-peats contain less iron than the others, C-dominated contain the most iron of all.
Calcium also belongs to the main components of Aitoneva peat ashes, its contents ranging from 8.78 to 20 .45 % in ash and from 1.08 to 10 .48 g/kg in the dry-matter of peat. The mean values of different profiles show a slight increase from the surface towards the bottom.
The phosphorus content of peat ashes increases from the bottom upwards ranging from 0.79 to 2.59 %, both in profile 11 . The values in different profiles differ to some extent from each other, yet without any clear consistency. Calculated from the dry-matter content of peat, phosphorus is most abundant in the surface samples. Contents are clearly lowest in S-peats and highest in C-dominated peats. Phosphorus comprises 0.14-0.80 g/kg of dry peat.
Sulphur occurs least in S-peats and most abundantly in C-dominated peats. Samples [11] [12] contain the highest proportions of sulphur evidently, due to Phrremnants and gyttja underlying the peat. The sample material from Aitoneva contains sulphur from 1.2 to 6.7 g/kg of dry peat. The contents decrease downwards in profile I, in others they increase in the same direction.
Other investigation sites Table 3 shows the results of analyses of peat ashes from three different localities. Two to three samples from different depths have been analyzed at the same investigation point.
Lapaneva in Kihniö is part of the Aitoneva area described above. The distance between these investigation sites is 3 km. Both are located in a granite area according to the Prequaternary map of Tampere by Sederholm (30) . The Results from the Riivijänkä area in Ylitornio are presented in Table 4 . According to Yletyinen (39) (39) . Similarly, results from line R 11 (samples 17-24) are taken only from a 200 m.-long section of this 560-m. long line. The line was located on the bog in the direction of the drill hole, R 11. On the former line the thickness of peat was mostly 1.5 m, on the latter 0.5-1.0 m. At hole R 33 the thickness of overburden was about 5 m, and at R 11 about 2.5 m above bedrock. Both lines were comprised of (with a few exceptions) SC peat whose humification degree was 3-B. The pH values and ash contents were markedly higher in the latter profile than in the former. Investigation points on line c-d were spaced at 25 m distances. On line R 11 they were spaced at the same distance, but at distances of 50 metres at one end of the line.
Several specimens from line c-d contained over 10 000 ppm (= > 1 %) copper in the peat ash. Such values are unusually high compared with the others the author has found elsewhere in Finland. The highest value met with was more than 1.2 kg in a ton of dry peat. On this line copper comprises > 7000 ppm of peat ash and > 300 mg/kg in the dry-matter of peat.
On line R 11 copper was found only in a couple of samples as amounts detectable by the methods used, and must consequently be sporadic on this line. On this line copper was also found to be rather scarce in deep drillings (39) . The Table 5 shows copper and molybdenum contents at different depths in the peat layer at Riivijänkä. It appears that both increase from the surface towards the bottom. The peat layer is generally thin on line R 11, but at some points, samples 21, 22, 23, and 24 in Table 4 , it is one metre thick. These molybdenum contents are also higher at the bottom than in the surface peat.
Earlier the author (29) had found molybdenum to be most abundant in the surface samples from the Susineva bog at Rautio. Under In Table 6 figures from two bog profiles from Luetsuo in Vuolijoki are presented. The bog lies some 3 km west of the Otanmäki mining district. Profiles were taken about 1 km from each other. Peat varieties and humification are very much alike in both. pH values and ash contents are slightly higher in the latter profile, and both values decrease from the bottom towards the surface. The results given in Table 6 show that the phosphorus content in the specimen on the right of the table is on average 38 % higher than that in the other sample. Differences are distinct throughout the profiles. In both profiles the highest P-contents occur at a depth of 1.5 to 2.5 metres.
Sulphur contents are of the same order of magnitude in the Luetsuo profiles. Only the two lowest samples in the profile on the left have high contents deviating from the others. In the same profile, contents are found to decrease from the bottom towards the surface, but the other profile displays equal values at all depths. Table 7 contains information about proportions of antimony in bedrock and peat ashes seldom found in Finland registered at Törnävä in the Seinäjoki area. According to Pääkkönen (22) antimonite has been observed in the outcrop at this site, and peat samples were taken some 10 m away from a bog by the side of a Comparison of results Table 8 shows the results of analyses of the contents of peat from different investigations in Finland, similar to those at Aitoneva. The figures show the most common ranges, and the highest contents in each study are given in parenthesis. The results in the Table are similar. The greatest differences are found in the highest contents. The figures for manganese show marked differences. The elements presented in the Table occur in the Aitoneva peat series on average in the following amounts: copper 5.9, zinc less than 40, cobalt 1.06, molybdenum 1.05, manganese 67 and boron 3.31 ppm (mg/kg) of the dry-matter of peat. In Sweden (32) copper forms from 2 to 180 ppm of the dry-matter in peat.
Trace element contents at Aitoneva are similar to those given at the beginning of the ranges given in the Tables. Also the calcium content in Aitoneva peats corresponds to the mean values of Kivinen (6) .
The plant nutrient contents of Aitoneva peats belong on the whole to the lowest occurring in peats some special cases excluded. Variations in different peat varieties also correspond to the values given by different investigators. The lowest amount of plant nutrient is found in Sphagnum peats, the largest in Carex peats. The former are acid and their ash content is generally lower than that of other peats (4, 23, 24) . They are typical peats of granite areas as the author (12) earlier verified in places including the area of the Vaasa map sheet. For the sake of comparison mention should be made of some plant nutrient contents in the peat of a bog in the granite area in Scotland as given by Bear (2) Table 4 , are markedly higher than the corresponding contents in Aitoneva and higher than the general level of these trace elements given in Table 8 , but some higher contents (in parentheses) are of the same order. In the dry-matter of Riivijänkä peats on the line c-d, copper occurs on average more than 30 times, and molybdenum 16 times as much as in the Aitoneva peats; along the line R 11 the occurence of molybdenum is 48 times higher than in Aitoneva. Individual samples display still higher differences. Molybdenum contents of peats at Susineva in Rautio are also markedly higher where molybdenite occurs in the bedrock than those verified in Aitoneva peats.
The phosphorus contents in Luetsuo peats are over 2-3 times higher than in those of Aitoneva, where, however, Sundgren and Ekman (33) Okko (13) , must be borne in mind. To some extent they have also been found inland. Among others, the Muhos sediment has been assumed as a source of phosphorus of vivianites (6, 7) . According to the analyses published by Marmo (8) their phosphorus content is very slight, lower than in the granites of the area. Phosphorus of vivianites is also thought to be derived from the organic matter of gyttja. Changes in sulphur content are basically due to sulphur occurrences in bedrock, but sulphur in organic remains particularly in the area of Littorina sediments is distinctly associated with sulphur-bearing sulphate soil occurrences in the coastal areas.
Peat has a large surface area, and hence its exchange capacity is high. Therefore remarkably large amounts of fertilizers can be added to it much more than to mineral soils without causing any damage to plants growing in it. The use of strongly fertilized growth peat, developed by Puustjärvi (17) , is based on these properties of peat.
The trace element quantity in peat is usually small. According to Mäkitie (11) 10 ppm copper may be the lowest limit possible in peat without causing copper deficiency in plants. Very little is known so far about the amounts of trace elements in peat. Most of these elements are, however, readily available to plants copper and phosphorus excluded. According to Kaila (3) the solubility of both organic and inorganic copper decreases rapidly downwards in peat layers. Manganese generally dissolves most easily. According to Sillanpää (31) some trace elements dissolve from organic soils in the following order: manganese, cobalt, lead, nickel, zinc, and copper.
As the quality and quantity of trace elements in peats may vary quite surprisingly with changing geological conditions attention should be paid to them in connection with the technical use of bogs. This may influence even the fertilizing of growth peat. Peats may contain compounds poisonous to plants. It is also noteworthy that the contents of most elements increase in a downward direction in peat layers, so that, for example, the quantity of plant nutrient in milled peat increases from year to year. Developments in Finland point to the increasing use and manufacture of growth peat in the near future. The abundant peat reserves in Finland may find a foreign market in the form of growth peat. Possible export presupposes an increase in production and the opening of new workings. As indicated by the research carried out it would be most useful to perform an immediate and thorough study of plant nutrients in the areas planned for production, as a beginning for any such scheme.
antimonia. Niiden sijainti ja kivilajien vaihtelu on todettu timanttikairauksilla. Vimpelin kalkkikivialueen läheisyydessä sijaitsevan Varkkasalonrämeen turvenäytteitä on myös analysoitu. Kaikkien näiden soiden analyysituloksia esitetään taulukoissa 3 7. Taulukossa 8 esitetään vertailun vuoksi aikaisemmin julkaistuja tuloksia turpeiden ko kasvinravinteista.
Tutkimukset ovat osoittaneet, että Aitoneva edustaa meillä kasvinravinnepitoisuudeltaan sangen köyhää, mutta tyypillistä graniittialueen suota. Liuskealueen suossa on todettu selvästi runsaammin kuparia ja sinkkiä.
Niissä tutkimuskohteissa, missä soiden alla on kallioperässä tärkeitä malmimetalleja kuten Otanmäen Malmisuon alla rautaa, Ylitornion Riivijängän alla kuparia ja molybdeeniä, Raution Susinevan alla molybdeeniä sekä Seinäjoen Törnävän kohteessa antimonia, on vastaavilla kohdilla turpeissa näitä aineita huomattavasti Aitonevan pohjatasoa runsaammin. Kalkkialueen soissa turpeiden korkea pH sekä CaO-pitoisuus ovat hyviä kallioperän indikaattoreita. Geologisten tekijöiden ja turpeiden kasvinravinnepitoisuuksien kesken näyttää vallitsevan kiinteä vuorosuhde. Kasvinravinteiden määrä lisään-tyy turvekerrostumassa useimmiten ylhäältä alaspäin mennessä.
